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BACKGROUND OF THE INVENTION 

The present invention relates to electrical connections made on printed 
circuit boards (PCBs) or within integrated passive devices (IPDs) for the purposes 
of connecting various electrical components. Specifically, the present invention 
relates to the use of vias to connect electronic components on and within multi- 
layer electrical devices, including IPDs. More specifically, the present invention 
relates to the use of blind vias to house electronic components in an effort to 
provide vertical electrical connections within electronic devices. 

With the ever-increasing demand for additional features and the 
expectations of longer battery life in present day electronic devices, circuit and 
component designers have responded with smaller component designs requiring 
less voltage. The result has been not only an increase in device operation speed or 
operating frequency, but also an increase in package density. In addition to 
integrated circuitry, the use of multi-layered printed circuits has aided in reducing 
the space requirements of advanced circuitry for portable electronic devices. 

In today's typical multi-layer printed circuit boards, the components, both 
active and passive, are soldered to the surface of the circuit board. Conductive 
paths are formed on the surface, usually by photolithography, and are connected by 
conductive vias to internal conductors, which form a complex series of three- 
dimensional interconnections. 



As a result of the reduction in relative sizes, however, a point has been 
reached where the components themselves are difficult to handle and the lands to 
which they must be attached have not been capable of a comparable reduction in 
size. Further, the available line and space widths of the conductive paths have 
reached a practical limit of about 540 mils, without going to special, and expensive 
high density processing. 

In an attempt to resolve these problems, two main approaches have been 
undertaken: first, designers have begun using integrated passive devices (IPDs) in 
which multiple passive components are incorporated into a single package for 
positioning within the circuit. Second, designers have incorporated special layers 
within the circuit board itself to provide capacitive and resistive functions, which 
may be customized as required. These approaches serve only to save space on the 
surface of the PCB itself. 

Unfortunately, neither of these two approaches solves both the need for 
space savings and increased flexibility in introducing components other than 
capacitors and resistors into the PCB or IPD. For example, the use of an IPD on a 
PCB is not attractive where its design would require significant re-routing of the 
surface traces thus off-setting the intended space savings. Additionally, it is 
inevitable that when multiple components are placed within the same package there 
will be parasitics that occur. These are detrimental to the performance of the 
device. 

Further, integrated passive devices are currendy limited to providing only 
capacitive and resistive functions. Such a limitation fails to address the need to 
save space regardless of the component's function. Finally, there are economic 



limitations to the use of IPDs. For instance, as a custom product, integrated 
passive devices are a long-delivery item which increase both cost and 
manufacturing time of a product. Still further, in the electronics industry, 
customers of component manufacturers are loath to spend more money on an 
unproven multi-component device as opposed to individual components with 
proven reliability, and tight parametric tolerances. 

Similarly, the use of buried layers within the circuit board itself has 
numerous drawbacks. The range of available capacitive and resistive values 
available in the buried layers is limited and they must be preset. Additionally, the 
sculpting of these layers is a very cost and time-intensive process which is currendy 
beyond the capabilities of most PCB manufacturers. For example, the board 
manufacturers are used to dealing with board layers of at least 250 microns while 
the thickness of a buried capacitive layer would need to be on the order of 50 
microns or smaller to be effective. Additionally, because of their being so thin, 
such a layer is very fragile. Any breakage would result in an electrical fault and 
would require the board to be scrapped. 

During farther finishing of the PCB, such layers may be subjected to 
intense heat or other treatments required for completing the manufacturing 
process. Because of this treatment, the capacitive and resistive values of the layers 
may be inadvertendy altered from the desired preset values of the layers. The PCB 
would then be unable to effectively operate as designed. 



SUMMARY OF THE INVENTION 

The present invention recognizes and addresses various of the foregoing 



limitations and drawbacks, and others, concerning a method of using a via to house 
an electronic component. Therefore, the present invention provides a method for 
using a blind via for housing and allowing electrical connection of a passive 
electronic component within a layer of either a printed circuit board or an 
integrated passive device. 

It is, therefor, one aspect of the subject invention to provide a method for 
reducing the space demands on the surface of a PCB. More particularly, it is an 
aspect of the present invention to provide a method of using a via to house an 
electronic component within a layer of a printed circuit board thus reducing the 
space demands on the surface of the PCB. 

It is yet another aspect of the present invention to provide a method of 
housing an electronic component in a via such that vertical electrical connection is 
made between adjacent components and/or buried conductors. In such context, it 
is a further aspect of the present invention to provide a method of producing a 
vertical electrical connection between a passive electronic component and both an 
active component and a buried conductor. 

It is still another aspect of the present invention to provide a method of 
using a via to house an electronic component in which such method allows for 
greater flexibility in using integrated passive devices on printed circuit boards. In 
such context, it is a further aspect of the present invention to provide such a 
method in which resistors, capacitors, varistors, thermistors or other passive 
components may be housed within such a via within a layer of the PCB itself. 

An additional aspect of the present invention includes providing a method 
for housing an electronic component in a blind via so as to reduce production costs 



of typical PCBs. In such context, it is a further aspect of the present invention to 
provide such a method that additionally provides greater yields (i.e., ranges of 
component values), greater flexibility in design due to space-savings and the 
opportunity to utilize a greater variety of components within the design. 

It is still a further aspect of the present invention to provide a method for 
increasing the flexibility of integrated passive devices. More particularly, it is an 
aspect of the present invention to provide a method of using vias to house 
electronic components between layers within an integrated passive device. 

It is yet another aspect of the present invention to provide a method of 
using a via to house an electronic component in which such method allows for 
greater flexibility in the design and manufacture of integrated passive devices. 

Additional aspects and advantages of the invention are set forth in, or will 
be apparent to those of ordinary skill in the art from the detailed description that 
follows. Also, it should be further appreciated that modifications and variations to 
the specifically illustrated and discussed steps, features and materials hereof may be 
practiced in various embodiments and uses of this invention without departing 
from the spirit and scope thereof, by virtue of present reference thereto. Such 
variations may include, but are not limited to, substitutions of equivalent steps, 
means, features, and materials for those shown or discussed, and the functional or 
positional reversal of various parts, features, or the like. 

Still further, it is to be understood that different embodiments, as well as 
different presendy preferred embodiments, of this invention, may include various 
combinations or configurations of presendy disclosed steps, features, elements, or 
their equivalents (including combinations of steps, features or configurations 



thereof not expressly shown in the figures or stated in the detailed description). 

These and other features, aspects and advantages of the present invention 
will become better understood with reference to the following description and 
appended claims. The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate an embodiment of the invention 
and, together with the description, serve to explain the principles of the invention. 

The present invention is directed toward a method for using a via to house 
an electronic component, generally a passive component, within a layer of an 
electrical device in such a manner as to allow vertical electrical connection between 
the component and other elements of the device. In particular, one embodiment 
of the present invention provides for the use of blind vias to house passive 
components, which may be electrically connected to both an embedded ground 
plane located within the PCB and active components located on an outer surface of 
the PCB. 

Another embodiment of the present invention is directed toward a method 
for using vias to house electronic components, which may be electrically connected 
to other passive components within an integrated passive device in such a manner 
as to allow vertical electrical connection between the component and other of the 
elements within the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A full and enabling disclosure of the present invention, including the best 
mode thereof, directed to one of ordinary skill in the art, is set forth in the 
specification, which makes reference to the appended figures, in which: 



FIG. 1 is an overhead view of a portion of a typical printed circuit board 
using horizontal electrical connections between an active and multiple passive 
components; 

FIG. 2 is a cross-section view taken along line A-A of the printed circuit 
board as shown in Figure 1; 

FIG. 3 is an overhead view of a portion of a printed circuit board with 
electrical connection between an active and multiple passive components in 
accordance with the present invention; 

FIG. 4 is a cross-section view taken along line B-B of the printed circuit 
board as shown in Figure 3; 

FIG. 5 is an exemplary enlarged cross-section view of an electronic 
component placed in a via in accordance with the present invention; 

FIG. 6 is an overhead view of an exemplary layer of an integrated passive 
device in accordance with the present invention providing a portion of the device's 
circuitry and capture pads for electrical connection to other components of the 
device; 

FIG. 7 is an overhead view of an exemplary layer of an integrated passive 
device in accordance with the present invention that has vias drilled therethrough; 

FIG. 8 is an overhead view of a bonded combination of the layers from 
Figures 6 and 7 showing the corresponding vias and capture pads and generally 
representing an exemplary skeletal structure of an integrated passive device made in 
accordance with the present invention; 

FIG. 9 is an overhead view of the IPD of Figure 8 with additional 
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exemplary resistor/ conductor patterns placed on an outer surface of the IPD and 
band terminated edges; 

FIG. 10 is a side view of the IPD of Figure 9 showing the introduction of 
the vertically oriented passive components into their respective via for electrical 
connection to the capture pads on the IPD layer of Figure 6; 

FIG. 11 is an overhead view of the IPD of Figure 8 including the passive 
components in their respective via; 

FIG. 12 is an overhead view of the IPD of Figure 11 showing the top 
contacts connecting the via-located passive components with their respective 
terminations or resistive/ conductive elements; and 

FIG. 13 is an exemplary enlarged cross-sectional view of one of the via- 
located electronic components of Figure 12 in accordance with the present 
invention. 

Repeat use of reference characters throughout the present specification and 
appended drawings is intended to represent the same or analogous features or 
elements of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Reference will now be made in detail to presently preferred embodiments 
of the invention, examples of which are fully represented in the accompanying 
drawings. Such examples are provided by way of an explanation of the invention, 
not limitation thereof. In fact, it will be apparent to those skilled in the art that 
various modifications and variations can be made in the present invention, without 
departing from the spirit and scope thereof. For instance, features illustrated or 



described as part of one embodiment can be used on another embodiment to yield 
a still further embodiment. Still further, variations in selection of materials and/ or 
characteristics may be practiced, to satisfy particular desired user criteria. Thus, it is 
intended that the present invention cover such modifications and variations as 
come within the scope of the present features and their equivalents. 

As disclosed above, the present invention is particularly concerned with a 
method for housing an electronic component within a via in order to reduce the 
space demands placed on either the surface of a printed circuit board or to enhance 
the flexibility of electrical connections between components within an integrated 
passive device. 

An overhead planar view of a typical printed circuit board 10 (PCB) using 
known design concepts is shown in Figure 1. Generally, such PCBs serve as 
substrates to support integrated circuits comprising both active 12 and passive 14 
components that are electrically connected by leads 16 to lands 18 on a surface 20 
of the PCB 10. Such electrical connections are made most often by soldering the 
integrated circuit component's leads 16 to the lands 18 on a surface 20 of the PCB 
10. 

Figure 2 shows a cross-sectional view of the PCB in Figure 1, in which the 
PCB 10 comprises multiple non-conductive laminae 22, 24 and 26 between which 
various patterned conductive layers 28, 30 and 32 exist. One of ordinary skill in the 
art would recognize this multi-layer PCB 10 as typical of the current PCBs in use 
throughout the electronics industry. The materials and patterns used to construct 
such laminae 22, 24 and 26 and embedded conductive layers 28, 30 and 32 are well 
known to one of ordinary skill in the art and form no particular aspect of the 
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present invention. However, it should be noted that any of the known materials 
and methods of forming either the laminae 22, 24 and 26 or the embedded 
patterned conductive layers 28, 30 and 32 may be used in the present invention. 

For illustrative purposes only, presume embedded conductive layers 28 and 
32 are for carrying signals from one portion of the circuitry to another. Similarly 
presume, however, that conductive layer 30 is a ground plane. In the present 
constructs, there typically may exist between each land 18 and the ground plane 30 
at least one passive component 14. 

As can be seen in Figure 1, which has been gready simplified for 
explanatory purposes only, there exist eight passive components 14, one between 
each land 18 and the ground plane 30. Each passive component 14 is additionally 
connected to a ground, shown here as trace 34. Trace 34 exists on an upper 
surface 20 of the printed circuit board 10. The ground trace 34 is connected to the 
embedded ground plane 30 by way of a hole or via 36 through both the ground 
trace 34 and at least one of the non-conductive layers 24 of the PCB 10. 

Using present design techniques, it is in this manner that both active 12 and 
passive 14 components are generally connected to a buried ground plane 30 in 
order to aid in the elimination of random noise, interference or extraneous voltages 
from the circuit. As can be seen, however, such a design layout places greater 
physical space demands on the upper surface 20 of the PCB 10 itself. Additionally, 
as the circuit designs become more and more complex the need for additional 
space dedicated to connectivity areas (i.e., lands) can only increase. 

Secondary structures are also represented in Figure 1 . Additional traces 38 
may also be connected to the ground plane 30 by way of a hole or via 40. In some 
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cases a via 42 may pass through all of the laminea 22, 24 and 26 and the patterned 
conductive layers 28, 30 and 32 to connect circuitry on opposing faces of the PCB. 
In such an instance, as shown here, there may be an opening 44 through the 
ground plane 30 to prevent any contact by the electrically conductive connecting 
means 46 therein with the ground plane 30 itself as such contact would result in a 
short circuit. 

In one exemplary embodiment of the present invention, as shown in 
Figures 3 and 4, a printed circuit board 10 is acting to support an integrated circuit 
constructed in accordance with the present invention. As before, the integrated 
circuit may be comprised of a plurality of active 12 and passive 14 components 
connected electrically by soldering the component leads 16 to lands 18 on a surface 
20 of the PCB 10. Figure 4 shows a cross-sectional view of the PCB 10 in Figure 3 
constructed in accordance with the present invention, in which the printed circuit 
board 10 comprises multiple non-conductive laminae 22, 24 and 26 between which 
various patterned conductive layers 28, 30 and 32 exist. 

Unlike the typical PCB construction as shown in Figures 1 and 2, the 
present PCB 10 and integrated circuit instead houses the passive components 14 in 
a blind via 48 within non-conductive layer 22 of the PCB 10. In this preferred 
exemplary embodiment of the present invention, the use of such vias 48 is limited 
to non-conductive layer 22. It should be noted, however, that the present 
invention does not limit integration of passive components 14 within the printed 
circuit board 10 to only the upper non-conductive layer 22. Further, such 
integration of components reduces demand for space on the surface 20 of the PCB 
10. 
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As a result of this integration into the PCB, the passive components 14 are 
mounted in a vertical orientation in relation to the surface 20 of the PCB 10, It 
would be obvious to one of ordinary skill in the art that the surface trace 34 is no 
longer required to connect each passive component 14 to the via 36 and on to the 
embedded ground plane 30. Instead, by virtue of their vertical orientation, the 
passive components 14 are now directly adjacent the ground plane 30 and may be 
electrically connected thereto. 

In order to accommodate the passive components 14 into the non- 
conductive layer 22, preparation of the blind via 48 must take place during the 
manufacturing of the PCB 10 itself. Generally, all of the unique features of each 
non-conductive layer 22, 24 and 26 of the PCB 10 are formed prior to their being 
brought together to form the PCB 10. Each via is drilled into and each of the 
patterned conductive layers 28, 30 and 32 is formed on the upper surface of its 
respective non-conductive layer 22, 24 and 26 prior to their being stacked to form 
the PCB 10. 

The passive elements 14 may be placed into a via 48 in their vertical 
orientation and soldered to the underlying ground plane 30 using a high 
temperature solder or connection may be made by virtue of a conductive epoxy 
material 62. This will aid in preventing any undesired effects subsequent soldering 
may have to these connections when connecting the "upper" termination of the 
passive components 14 to the lands 18. 

The exemplary non-conductive layer 22 into which the blind via 48 are 
drilled is typically a rigid epoxy pre-impregnated material, such as FR4, an epoxy- 
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fiberglass composite. The choice of such material is in part designed to ensure that 
the vias 48 drilled before the various laminea 22, 24 and 26 are stacked, do not 
collapse before the introduction of the passive components 14 therein. In the 
present invention, closure of such vias upon exposure to the increased heat from 
the PCB formation process or from the connection process between the ground 
plane 30 and the passive components 14 (i.e., a high temperature soldering process) 
may serve a beneficial purpose. Such a process would seal the passive components 
14 in place and prevent any solder from entering vias 48 during further completion 
of the circuit' s construction. Preventing the introduction of additional solder into 
vias 48 is important, as it should be noted that unlike the vias of Figures 1 and 2, 
the walls of vias 48 are not conductive thus preventing any connectivity problems 
with the circuitry. Under certain circumstances, the epoxy material forming the 
various laminea 22, 24 and 26 can be made to flow and seal in the edges of the 
components 14 in the vias 48. This would prevent any subsequent solder from 
running down the sides of the vias 48 and shorting out the component. 

Still further, the lands 18 are generally designed utilizing a thick-film 
technique to allow for the components 12 and 14 to be soldered in their normal 
configuration. With the presently preferred embodiment, the use of thin-film 
terminations on the ends of the components 12 and 14 would still allow reliable 
and sufficient electrical connection by way of a typical lower temperature solder 
connection and would be preferred due to their reduction in the cost of 
manufacturing of the PCB 10 and its associated circuitry. 

Figure 5 provides an enlarged view of an exemplary passive component 14 
as mounted in a via 48 in accordance with the present invention. As can be seen, ' 
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the passive component 14 is electrically connected to the ground plane 30 by way 
of either a solder or conductive epoxy material 62. The remainder of the open area 
in the via 48 may be filled with a non-conductive filler material 51 or under certain 
circumstances the material constituting exemplary non-conductive layer 22 may be 
made to partially melt and flow into the via 48 to partially seal it. Finally, 
connecting the upper portion of the passive component 14 to its respective land 18 
creates the top conductor 64. 

In still a further preferred embodiment of the present invention, Figures 6- 
13 shows the use of a blind via 148 to house electrically connected intermediate 
components 114 within an integrated passive device 150. In such an embodiment, 
the vias 148 contain various passive components 114 as discussed above which 
serve in addition to their electrical functions as connections between other of the 
passive components comprising the device 150. In this manner, the footprint of an 
IPD may be reduced while providing greater flexibility in its design layout. 

In particular, the two non-conductive layers 152 and 154 of the IPD shown 
in Figures 6 and 7 represent the basic skeletal construction of an exemplary IPD. 
The first non-conductive layer 152, as shown in Figure 6, is a typical multilayer 
green ceramic pad with various circuitry and capture pads 156 on an upper surface 
thereof. The capture pads 156 are for electrical connection to other components 
within the device 150. Figure 7 shows the second such non-conductive layer 154 
with a plurality of vias 148 drilled therethrough. In particular, each via 148 
corresponds to a respective capture pad 156 from the first non-conductive layer 
152. 

As can be seen in Figure 8, the second layer 154 is bonded to the upper 
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surface of the first layer 152 embedding the circuitry thereon in between the layers 
152 and 154. The vias 148 however, allow electrical connection to such circuitry by 
way of the capture pads 156. In bonding the two layers 152 and 154 together, it 
should be noted that any of a number of known methods may be used to make the 
layers 152 and 154 an essentially unitary body 150, including: lamination, weight- 
firing, spntzing a solvent or using the slip as glue. 

With the basic construction of the device's skeletal form 150 completed, as 
can be seen in Figure 9, the manufacturer is now able to form the additional 
resistive/conductive patterns 158 required on an outer surface of the device and 
band terminate the edges to provide points of electrical connection 160 for such 
device. The methods of making such patterns 158 and terminations 160 are varied 
but generally known in the art. They form no particular aspect of the present 
invention and therefore will not be explained in detail. 

Figure 10 depicts the inclusion of the internal passive components 114 into 
the vias 148 to provide the electrical connection between the embedded circuitry 
on the first layer 152 and that on the outer surface of the device 150. Each passive 
component 114 will be pre-selected for its performance characteristics and will 
ultimately be permanently embedded within the vias 148. To provide a stable 
electrical connection with their respective capture pads 156, the lower end of each 
passive component may be clipped in either a solder paste or a conductive epoxy 
162 which is either cured or through the technique of reflow permanently affixed 
to the contact pad 156 thus forming the bottom contact for the passive component 
114. Figure 11 shows the passive components 114 located within their respective 
vias 148. 
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In order to ensure both the electrical and physical stability of the passive 
component 114, the vias 148 may be filled with an insulating epoxy 166 or other 
similar material to partially encase the passive component 114 and hold it in place. 
As discussed above and as seen in Figure 12, if the conductor patterns have been 
formed either by thin-film plating or thick-film printing, the electrical connection 
to the upper conductor 164 may then be formed by filling in the remaining portion 
of the via 148 either with a conductor or a solder paste and either cure or reflow it, 
respectively. 

Alternatively, if the upper conductors 164 for electrical connection to the 
via-located passive components 114 have not yet been formed, the manufacturer 
may choose to screen the conductors 164 and allow the excess material to flow into 
the remaining space in the partially filled vias 148 to generate the electrical 
connection between the passive components 114 and the upper conductors 164. 

As does Figure 5, Figure 13 provides an enlarged view of a via-located 
passive component 114 as mounted in an IPD 150. As before, the passive 
component 114 is permanently affixed to its respective capture pad 156 through 
the use of either a solder or conductive epoxy material 162 and then the 
manufacturer either reflows or cures it, respectively. An insulating epoxy 166 may 
then be used as a filler material in the via 148 to partially seal it. Finally, the passive 
component 114 may be electrically connected to the upper conductors 164 as 
described above. 

Although multiple preferred embodiments of the invention have been 
described using specific terms and devices, such description is for illustrative 
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purposes only. The words used are words of description rather than of limitation. 
It is to be understood that changes and variations may be made by those of 
ordinary skill in the art without departing from the spirit or the scope of the 
present invention, which is set forth in the following claims. In addition, it should 
be understood that aspects of various other embodiments may be interchanged 
both in whole or in part. Therefore, the spirit and scope of the appended claims 
should not be limited to the description of the preferred versions contained herein. 



